Solid Earth, 7, 639-650, 2016
www.solid-earth.net/7/639/2016/
d0i:10.5194/se-7-639-2016

© Author(s) 2016. CC Attribution 3.0 License.

Solid Earth

Determinants of farmers’ tree-planting investment decisions as
a degraded landscape management strategy in the

central highlands of Ethiopia

Berhan Gessessel234 Woldeamlak Bewket3, and Achim Brauning®

LEarth Observation Research Division, Entoto Observatory and Research Center, P.O. Box 33679, Addis Ababa, Ethiopia
2Department of Geography and Environmental Studies, Kotebe University College, Addis Ababa, Ethiopia

3Department of Geography and Environmental Studies, Addis Ababa University, P.O. Box 150372, Addis Ababa, Ethiopia
“Institute of Geography, Friedrich-Alexander University of Erlangen-Niirnberg, 91054 Erlangen, Germany

Correspondence to: Berhan Gessesse (berhanavu@gmail.com) and Achim Bréuning (achim.braeuning@fau.de)

Received: 23 September 2015 — Published in Solid Earth Discuss.: 13 November 2015
Revised: 9 March 2016 — Accepted: 24 March 2016 — Published: 20 April 2016

Abstract. Land degradation due to lack of sustainable land
management practices is one of the critical challenges in
many developing countries including Ethiopia. This study
explored the major determinants of farm-level tree-planting
decisions as a land management strategy in a typical farming
and degraded landscape of the Modjo watershed, Ethiopia.
The main data were generated from household surveys and
analysed using descriptive statistics and a binary logistic re-
gression model. The model significantly predicted farmers’
tree-planting decisions (x2 = 37.29, df = 15, P <0.001). Be-
sides, the computed significant value of the model revealed
that all the considered predictor variables jointly influenced
the farmers’ decisions to plant trees as a land management
strategy. The findings of the study demonstrated that the
adoption of tree-growing decisions by local land users was a
function of a wide range of biophysical, institutional, socioe-
conomic and household-level factors. In this regard, the like-
lihood of household size, productive labour force availabil-
ity, the disparity of schooling age, level of perception of the
process of deforestation and the current land tenure system
had a critical influence on tree-growing investment decisions
in the study watershed. Eventually, the processes of land-
use conversion and land degradation were serious, which in
turn have had adverse effects on agricultural productivity, lo-
cal food security and poverty trap nexus. Hence, the study
recommended that devising and implementing sustainable
land management policy options would enhance ecological

restoration and livelihood sustainability in the study water-
shed.

1 Introduction

The sustainability of mankind depends on the wise use of
precious environmental capital such as soil, water, vegetation
and others in the globalized 21st century world (Keesstra et
al., 2016). However, several interwoven earth system compo-
nents such as the geomorphological, hydrological, climato-
logical, ecological, biogeochemical and anthropogenic pro-
cesses are very dynamically complex and energetic and are
relentlessly changing and shaping the normal provision of
the global environment and natural resources (Cerda, 1998;
Keesstra, 2007; Cardinale et al., 2012; Keesstra et al., 2012;
Brevik et al., 2015; Decock et al., 2015; Ni et al., 2015; Smith
et al., 2015).

As part of the earth’s environment and constituents of the
watershed landscape ecosystem, land resources such as soil,
water and vegetation have a variety of essential life support
roles like provisioning, regulating and supporting functions
and services (Keesstra et al., 2012, 2016; Berendse et al.,
2015; Brevik et al., 2015; Decock et al., 2015; Smith et al.,
2015). As a key component of an ecosystem, vegetation is
used to regulate biogeochemical cycles (Smith et al., 2015),
maintain the energy balance at the earth’s surface and mit-
igate extremes of local climate (Gerten et al., 2004; Gong
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et al., 2015) as well as increase carbon and nitrogen stor-
ages and improve land productivity (Yu and Jia, 2014). How-
ever, land uses and land covers (LULCs), mainly vegeta-
tion covers, have been subjected to change globally in the
form of conversion or modification, and their environmental
functions and services have destabilized from time to time
(Turner and Meyer, 1994; Turner et al., 1994; Geist et al.,
2006; Najam et al., 2007; Angassa, 2014; Gong et al., 2015).

Ecological degradation including soil erosion, vegeta-
tion and/or biodiversity loss, deterioration of fresh-water
resources, extreme-weather events, climate variability and
other related environmental problems have resulted from
land-use changes (FAO, UNDP, UNEP, 1994; Lambin et al.,
2006), and the various constraints on environmental resource
development are becoming a serious threat to future develop-
ment of agrarian nations across the globe. Accordingly, land
resources such as soils, water, forests, pastures and wildlife
management have been central to the development of human
society for a long time (Angassa, 2014; Keesstra et al., 2016).

Similarly to many other environmentally vulnerable na-
tions, Ethiopia has experienced rampant environmental prob-
lems over many centuries, which mainly include land degra-
dation in the form of immense wide and deep gully devel-
opment, soil erosion, vegetation-cover alteration, the distur-
bance of herbaceous species and water-resource degradation,
just to mention a few (Hurni, 1993, Angassa, 2014; Lemenih
et al., 2014; Teshome et al., 2014; Gessesse et al., 2015).
The massive conversion of vegetation cover and expansion
of farming activities, along with the dissected terrain and
ecological vulnerable sites and inappropriate farming prac-
tices have had serious implications for large-scale geoenvi-
ronmental resources. Environmental disgraceful conditions
were found both in the lowlands and highlands of Ethiopia
(Lakew et al., 2000; Rahmato, 2001; Tefera et al., 2002;
Vivero et al., 2005; Assefa and Hans-Rudolf, 2015). These
environmental problems lead to the deterioration of soil fer-
tility and productivity. Consequently, the agriculture sector of
the country has been hindered by this massive land-resource
degradation, which has further contributed to negative impact
on the country’s economic development at large.

Efforts have been made to monitor environmental changes
and to manage as well as restore degraded environments in
Ethiopia (Admassie, 2000; Gebremedhin and Swinton, 2003;
Frankl et al., 2014). In response to extensive degradation of
the resource base and to maximize land productivity, dif-
ferent types of land-resource conservation technologies have
been introduced by the successive governments of the coun-
try, mainly in the aftermath of the catastrophic drought and
famine of the 1970s (Woldemariam, 1992; Hoben, 1995; Ad-
massie, 2000; Rahmato, 2001). Among the introduced land
management measures, building physical structures such as
stone terraces, soil bunds and agroforestry practices on cul-
tivated fields, as well as area-closure and afforestation mea-
sures on degraded hillsides and barren lands were very com-
mon in the Ethiopian highlands.
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However, land management practices have been seri-
ously constrained by numerous factors. Among others,
household-level demographic characteristics, farming prac-
tices, profitability of the adopted land-management technolo-
gies, agroecological conditions, access to roads and mar-
kets, and external factors including land-use policies, prop-
erty rights, level of extension services and institutional issues
are some of the critical factors affecting land-management
investment decisions in Ethiopia (Hoben, 1995; Pender and
Kerr, 1998; Amsalu and De Graaff, 2007; Bewket, 2007;
Ewnetu and Bliss, 2010; Teshome et al., 2014). Lemenih et
al. (2014) also argued that the growing importance of cash
crop farming systems in different parts of Ethiopia was also
aggravating the problem of land-use conversion and land-
resource degradation, consequently affecting the manage-
ment of land resources in the country.

Research findings confirmed that vegetation restoration as
a land management option is crucial to protect diverse de-
graded landscapes (Gong et al., 2015), accelerate the recov-
ery of soil-forest functions (Hedo et al., 2015) and over-
whelmingly control sediment delivery to the river systems
(Keesstra, 2007). Vegetation cover also facilitates soil devel-
opment over time, stabilizes the direct effect of raindrops on
soil, deals with surface runoff, mitigates soil erosion by sta-
bilizing soil aggregation, improves organic carbon seques-
tration in the soil, and enhances soil porosity and the infil-
tration rate of soils and is also useful for the conservation
and management of soil and water resources (Lieskovsky and
Kenderessy, 2014; Yu and Jia, 2014; Bruun et al., 2015; Feng
et al., 2015; Gong et al., 2015; Qiang et al., 2016).

Although the primary purpose of tree plantation is to se-
cure the demand of fuelwood and charcoal production, it is
also used for construction materials, input for farm tools,
environmental improvement and many other purposes at
the global scale (Rahmato, 2001; Ewnetu and Bliss, 2010;
Mukhopadhyay and Maiti, 2014; Haigh et al., 2015). Success
to date in terms of widely adopted and sustained realizations
of tree-planting investment decisions for the intention of land
management strategy has been very limited in the Ethiopian
highlands (Admassie, 2000; Rahmato, 2001; Bewket, 2007).
Increasingly, focused studies were carried out in Ethiopia to
examine the major challenges for the adoption and sustained
use of land-management strategies, such as stone terraces
and soil bund technologies (Shiferaw and Holden, 1998; Be-
wket and Sterk, 2002; Bekele and Drake, 2003; Gebremedhin
and Swinton, 2003; Hagos and Holden, 2006; Bewket, 2007;
Amsalu and De Graaff, 2007) as well as cattle manure (Be-
lay and Bewket, 2013). However, detailed research findings
are too scarce to emphasize the determinants of farm-level
tree-planting decisions as a land management strategy.

There is, therefore, a need to explore site-specific com-
plexes of biophysical and socioeconomic variables affect-
ing tree-planting investment decisions as a response to re-
store degraded lands in the highlands of Ethiopia. This study
would contribute to bridging this research gap by investigat-
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Figure 1. Location map of the Modjo watershed and sample rural kebele administrations.

ing the major determinants of local land users’ tree-planting
investment decisions in the form of agroforestry, reforesta-
tion and afforestation to recover degraded lands. The ob-
jectives of this study were (i) to examine the adoption of
tree-planting decisions by local land users for reversing land-
resource degradation and (ii) to investigate major determi-
nants of farm-level tree-growing investment decisions as a
land management strategy in a typical rainfed farming land-
scape of the Modjo watershed.

2 Materials and methods
2.1 Site description

The study area, the Modjo watershed (~ 1478 km?), is sit-
uated in the East Shewa administrative zone in the Oro-
mia National Regional State of Ethiopia. It is a part of
the upper Awash river basin in central Ethiopia, stretching
from 8°3500” to 9°05'11” N and 38°54/35” to 39°15'30” E
(Fig. 1). It is also characterized by undulating topography
with hills, mountains, plains and river valleys. The phys-
iographic characteristic of the watershed reveals a distinct
difference in elevation which ranges from 1740 m (south of
Modjo town) to 3060 m a.s.l. (at Yerer volcanic ridge). On the
basis of Hurni’s (1998) and Dejene’s (2003) agroecological
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classification of Ethiopia, the Modjo watershed falls under
the weyna dega (tropical) (1740-2300 m) and dega (temper-
ate) (2300-3060 m) agroecological zones. Based on the FAO
(2006) slope classification scheme, the gradient of the Modjo
watershed is categorized into flat to very gently sloping
(9.5 % of the total watershed area), gently sloping to sloping
(61.2 %), strongly sloping to moderately steep (18.4 %) and
steep to very steep (2.9 %). Based on climate data from two
selected weather stations at Chefe Donsa town (upstream)
and Modjo town (downstream), total annual rainfall is 932
and 824 mm at the respective stations. The mean annual long-
term maximum temperature varies between 23.2°C (in the
upstream part of the area) and 27.9°C (in the downstream
part), while the minimum temperature varies from 10.6°C
(upstream part) to 11.6 °C (downstream part).

Nine generalized LULC classes including bare land, cul-
tivated land (consisting of croplands with scattered rural
settlements), forest, grassland, marshland, plantation areas,
shrubs, urban settlements and water bodies were identified in
the study watershed based on the 2007 SPOT image clas-
sification (Gessesse et al., 2015). Many people depended
on both crop cultivation and livestock-rearing livelihoods.
Based on population projection, about 625 131 people with
an average population density of 172 people per km? lived
in and around the Modjo watershed (CSA, 2010). Part of the
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Table 1. Distribution of sample respondents in the Modjo watershed.

B. Gessesse et al.: Determinants of farmers’ tree-planting investment decisions

Position Elevation (m)  Climate zone  District RKA Sample size %
Upstream 2300-3060 Temperate Gimbichu  Adadi Gole 32 26.45
Midstream 1740-2300 Tropical Addaa Godino 47 38.84
Downstream  1740-2300 Tropical Addaa Ouda 42 3471
Grand Total 121 100

study area is inhabited by urban dwellers, and densely pop-
ulated areas are observed particularly in and around Chefe
Donsa, Godino, Debre-Zeit, Ejeri and Modjo urban land-
scapes.

2.2 Data sources and method

The study was mainly based on a survey of farm households.
Feedback from local experts and extension workers regard-
ing critical environmental degradation hotspot sites, the ge-
ographical distribution of the sample rural kebele adminis-
trations (RKAs), agroecological zones, spatial patterns of the
LULCs and land management practices in the upstream, mid-
stream and downstream parts of the watershed were used
as criteria for selecting the sample RKAs for the house-
hold survey (Fig. 1 and Table 1). We used a multistage sam-
pling design to select the sample households. First, as clearly
shown in Fig. 1 and Table 1, the watershed was clustered into
upstream, midstream and downstream parts together with
the two agroecological zones, namely dega (temperate) and
weyna dega (tropical). Second, using the criteria mentioned
above, three RKAs, namely Adadi Gole (from the upstream
part and dega agroecological zone), Godino (from the mid-
stream part and weyna dega agroecological zone) and Ouda
(from the downstream part and weyna dega agroecologi-
cal zone), were selected. In the third stage, 10 % of sample
households were selected from a list of registered households
obtained from the respective RKA offices using a lottery ran-
domization approach of simple random sampling technique.
One hundred and twenty-one respondents (of which 14.9 %
were female household heads) were selected.

Two extension workers in each RKA were trained as data
enumerators to carry out the household survey under close
supervision of the researchers. A social survey instrument
was used to extract information on household characteris-
tics as well as constraints that influence farmers’ decisions
to plant trees in order to manage their own degraded envi-
ronment. A structured questionnaire was used to explore the
background information of the respondents and factors that
are likely to influence the farmers’ decisions on tree planting
for the purpose of ameliorating land degradation. Finally, the
surveyed data were analysed using the Statistical Package for
Social Scientists (SPSS), IBM SPSS Statistics for Windows,
version 20.0.
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2.3 Model selection and specification

We analysed data such as household characteristics of the re-
spondents and perceptions of local land users regarding the
determinants of farmers’ tree-growing decisions using de-
scriptive statistics and a logistic regression model. The out-
come variable of local land users’ tree-growing decisions
was dichotomous, so a binary logistic regression model was
used. This statistical model allows for predicting probabil-
ities of tree-growing decisions (the outcome variable) as a
function of a set of biophysical and socioeconomic dichoto-
mous or quantitatively measured predictor variables. We also
employed the x?2 test of independence to identify possible
associations between the outcome and the set of predictor
variables. The outcome variable P; is a dummy variable that
equals 1 if farmers participated in tree planting as a land man-
agement measure and 0 otherwise. Considering the binary
logistic regression equation, the probability of the choice to
plant trees (P; = 1), or not (P; = 0) is then derived as follows:

1
L e ey vy R

()

Conceptually, this model is expected to contain linear rela-
tionships (Meyers et al., 2006). However, this assumption is
violated due to the dummy nature of the dependent variable
considered in the present study. Then, linearizing (transform-
ing odds ratio) the inherent non-linear relationship between
explanatory variables (X;) and the probability of the outcome
variable (P;) using the logarithmic function is one way to fix
the limitation of a logistic regression model. Thus, the odds
ratio explains the change in the odds of the response variable
being other explanatory variables are constant in the model.
Accordingly, the probability of choice not to grow trees or
the odds ratio is computed as follows:

In[odds] = L

1-p @)

To create the relationship between the predictors and odds
using the logit (which is the natural logarithm of an odds
ratio) function, the In of the odds that a case belongs to the
response group can be rewritten as follows:

Infodds] = Bo + B1X1i + B2 X2i + ..., +Bn Xni (3)
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Table 2. Definition of variables used in the study.

Variables Description of variables
Dependent
TREPLANT  If the farmers grew trees to combat land degradation takes, 1 for tree growers and O otherwise.
Predictors
GENDER Sex of the household head, takes 1 for male and 0 otherwise.
AGE Age of household head measured in years.
FAMSIZE Household members in number.
LOBFORCE  Number of active household members engaged in farm labour.
EDUC The literacy status of household heads, takes 3 from grade 9 and above, 2 between grades 8 and 1,
1 for reading and writing only and 0 otherwise.
EXPERIAN Household head’s farming experience in the study watershed, takes 1 if greater than 30 years and 0 otherwise.
PERCDEFO  Household head’s perception of deforestation process, takes 1 if they perceive the process of deforestation
and 0 otherwise.
LASIZE Total area of landholding size (cultivated, grazing, homestead and plantation sites) in hectare.
LIVESTOC Total livestock (cattle, equines, sheep and goat) owned by household heads measured in Tropical Livestock Unit (TLU).
TRAININ Farmers’ participation in training and advice schemes organized by natural resource conservation experts and extension
workers
regarding natural resource management at least once in a year, takes 1 yes and 0 otherwise.
LATENURE  Farmers’ perception of land tenure security takes 1 if the current land tenure system is considered to discourage
planting trees and O otherwise.
ACESROAD  Perception of farmers’ access to the road to get seedlings and to sell harvested woods,
takes 1 if they feel road access has positive impacts and O otherwise.
AGROECOL  Local agroecology classification, takes the value of 1 if the site of the sample household head

is weyna dega and O otherwise.

Then, the In should be part of the predicted group mem-
bership and it can be written as the following:

gP® = In[odds] = fo + 1X1i + BoXai + ...+ BuXni- (4)

Because of the difficulty of interpretation of the logit val-
ues, the log odds are transformed into probabilities by tak-
ing the antilog of the above equation. The log odds (repre-
sented as gP™d) are now inserted into the antilog function.
Therefore, the antilog equation that transforms the log odds
to probabilities is derived as follows:

gpred
Predicted probability (P,) = ——— ()

14 es”
where P; is a probability of land users participating in tree-
planting decisions (of the outcome being a 1) for the ith sam-
ple farmer, e is the base of the natural logarithm and has a
value of approximately 2.7188y is the intercept (constant);
B1, B2, ..., B, are the regression coefficients of the corre-
sponding predictor variables (Xs); X1;, X2;, ..., X,; are pre-
dictor (explanatory) variables for the ith farmer; In stands for
the natural log; In [odds] the natural logarithms of an odds ra-
tio in favour of adopting planting trees as a land management
strategy, 1 — P; is the probability of land users not practicing
tree planting to manage their own environment (of the out-
come being a 0); The g8 coefficient indicates the change in
log odds of membership for any 1-unit change in the predic-

tor variables; gP is predicted group membership and e8™
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is the antilog value of the natural log-predicted group mem-
bership.

2.4 Variables and hypothesized relationships

Although a range of explanatory variables were identi-
fied and considered in various land-management literature
and the use of these variables frequently lacks consistency
(Shiferaw and Holden, 1998; Gebremedhin and Swinton,
2003; Bekele and Drake, 2003; Hagos and Holden, 2006;
Amsalu and De Graaff, 2007; Mekonnen and Damte, 2011;
Mekonnen et al., 2012; Belay and Bewket, 2013; Teshome et
al., 2014), the predictor variables of this study were identified
based on the consultation with natural-resource conservation
experts, background information of the farming systems of
the study area and literature of land-resource management.
Before running the model, preliminary analyses were carried
out to check the presence of multicollinearity among predic-
tor variables and the computed tolerance values of collinear-
ity diagnostics analysis is greater than 0.1. This shows that
there is no perfect multicollinearity between all the consid-
ered explanatory variables in the model (Pallant, 2007; Field,
2009).

Furthermore, for this study, the inference of the binary lo-
gistic model was undertaken by normalizing one category,
which is usually coded as 1 and referred to as “response” or
“target” groups, while cases or incidents coded as O are some-
times called “referent” or “control” groups (Table 2). Among
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other land-management options, a dichotomous household-
level tree-planting choice was taken as an outcome variable,
whereas a range of household characteristics, institutional
and biophysical explanatory variables, which were expected
to have an influence on farm-level tree-growing decisions,
were considered.

Table 2 presented a description of household-level predic-
tor variables used in the analysis. From the perspective of the
existing study site, it is hypothesized that household heads
characterized by older age groups, long farming experience
and good literacy background would be willing to engage
in planting of trees to minimize land degradation problem
and enhance productivity of the environment. Male-headed
households are more likely to grow trees than their female-
headed counterparts. Moreover, it is also assumed that house-
holds with large family size and large productive labour
force are more likely to respond to land-resource degradation
through tree planting. Household heads with large landhold-
ing size are more likely to grow trees to conserve their own
lands and the surrounding environment at large. Access to
information through short-term training and advice schemes
from extension workers is helpful to increase the probabil-
ity of farmers’ participation in planting trees to manage their
own lands. The current state-owned land tenure system might
have led to a decrease in the confidence of land users to plant
trees. Land users’ perception and awareness regarding the
deforestation problem is a positive stimulant to plant trees.
Similarly, households which owned large livestock herds are
less likely to grow trees, but rather they intend to secure more
grazing lands. Access to the road is a positive stimulus for
households to plant trees, because household heads can eas-
ily get seedlings from nearby markets. Finally, households
which reside in the downstream part weyna dega agroecolog-
ical zone) are more likely to have recognized resource degra-
dation and thus to have planted trees than those living in the
upstream part (dega agroecological zone).

3 Results and discussion
3.1 Background characteristics of respondents

The key demographic and socioeconomic characteristics of
surveyed households are presented in Table 3. A large per-
centage of household heads were males (85.1 %), whereas
females constitute the remaining proportion (14.9 %). Large
proportions (85.1%) of respondents were between the age
range of 31 and 64 years, while 9.1% of them were be-
tween 21 and 30, and 5.8 % were between 65 and more years.
Household size ranged from 1 to 11 persons per family with
an average family size of 5.9 persons. About 37.2% of re-
spondents had between one and five household members,
while a majority (62.8%) of them had six or more mem-
bers in the family. Households with a productive labour force
of 1-3, 4-6 and 7-10 accounted for 45.5, 33.9 and 20.7 %
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of the sample households respectively. Economically depen-
dent age groups (0-14) and elderly (65 and above) varied
from family to family. In this regard, 66.1 % of respondents
had household dependency ratios between 0.0 and 0.5 while
33.9 % of households had dependency ratios between 0.5 and
3. On the other hand, 23.1 % of the respondents were illiter-
ate. However, 38.9 % of the respondents could read and write
and the educational achievements of 28.1 % of respondents
ranged from grade 1 to grade 8. A small proportion of house-
hold heads (9.9 %) had attended grade 9 and above at school.
Most surveyed households were engaged in a mixed farm-
ing system (70.3 %) and crop cultivation (27.3 %). Moreover,
some of them (2.5 %) were engaged with off-farm activities
like petty trade, daily labour and selling charcoal and wood.
Besides, most of the respondents had farming experience of
more than 30 years. The landholding of households in the
study sites varied from 0.5 to 4.8 ha with an average holding
size of 1.8 ha per household. A large majority of the surveyed
households (62 % from the three sample sites) had often been
involved in the planting of trees in the form of afforesta-
tion, reforestation, area closure and enrichment tree planting
and/or agroforestry systems to reverse land degradation.

3.2 Determinants of household-level tree planting

The extent of major determinants of tree-growing decisions
as a land management strategy are examined in this study.
The analysis shows that most of the sample households
(62 %) participated in tree-planting activities to manage their
own lands. However, 38 % of the surveyed farmers did not
participate in tree planting (Table 3). The effects of the vari-
ous socioeconomic, demographic, institutional as well as en-
vironmental factors on farmers’ decisions to plant trees were
evaluated using the binomial logistic regression model. The
justification for the inclusion of these variables, together with
the hypothesized direction of relationship with tree-growing
decisions, is explained in the preceding section.

Overall, 121 cases were analysed using the binomial lo-
gistic regression model. The model results as presented
in Table 4 depicted that the full model significantly pre-
dicted farmers’ tree-planting decisions (x? = 37.29, df = 15,
P <0.001). The computed significant value of the model sug-
gested that all the considered predictor variables jointly in-
fluenced the farmers’ decisions to plant trees to manage their
own lands. The model as a whole explained between 27.3 %
(Cox and Snell R?) and 37.1% (Nagelkerke R?) of the vari-
ance in participation of tree-growing status explained by pre-
dictor variables. The current model correctly classified 28
farmers who did not participate in tree-planting activities
but misclassified 18 others (it correctly classified 60.9 % of
cases). It also correctly classified 62 farmers who were in-
volved in tree-planting practices, but misclassified 13 others
(it correctly classified 82.7 % of cases). The overall accuracy
of classification was, therefore, the weighted average of these
two values (74.4 %).
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Table 3. Household demographic, socioeconomic and livelihood characteristics.
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Peasant associations (PAS)

Adadi Gole | Gudino | Ouda | Total

Demographic and socioeconomic ~ #32 % | #47 % | #42 % | #121 %
characteristics

Gender \

Male 23 223 43 418 37 359 103 85.1
Female 9 50.0 4 22.2 5 278 18 149
Age \

21-30 3 9.4 2 4.3 6 14.3 11 9.1
31-40 16 50.0 12 25.5 14 333 42 347
41-64 13  40.6 26 55.3 22 524 61 504
>65 - - 7 14.9 - - 7 5.8
Household size (N) \

1-5 24 75.0 4 8.5 17 405 45 37.2
6 and above 8 250 43 915 25 595 76 62.8
Productive labour force \

1-3 21 65.6 12 25.5 22 524 55 455
4-6 11 344 18 38.3 12 286 41 339
7-10 - - 17 36.2 8 19.1 25 20.7
Education \

Iliterate 11 344 17 36.2 - - 28 331
Read and write 17 531 17 36.2 13 310 47 38.8
Primary school (1-8) 3 9.4 10 21.3 21 50.0 34 281
High school and above (> 9) 1 3.1 3 6.4 8 191 12 9.9
Farming experience \

21-30yr 3 9.4 2 4.3 6 143 11 91
> 30yr 29 906 45 95.8 36 85.7 110 90.9
Landholding size \

0.50-1.75 11 344 29 62.0 26 619 66 545
1.76-2.75 8 25.0 14 30.0 15 357 37 30.6
2.75-4.75 13  40.6 4 9.0 1 2.4 18 149
Livelihoods \

Only crop cultivation 0 0 15 31.91 18 429 33 273
Mixed farming 31 96.9 30 63.8 24 571 85 703
Off-farm activities 1 3.1 2 4.3 0 0 3 25
Involving in tree planting for only the purpose of reversing land degradation \

Yes 16 50 45 95.7 14 333 75 62
No 16 50 2 4.3 28 65.7 46 38

645

Table 4 presents the regression coefficients (8), the levels
of statistical significance and the marginal effects of the odds
ratio [exp(B)] together with a 95 % confidence interval (CI)
of the odds ratio for each of the predictor variables. The neg-
ative or positive signs of the regression coefficients (8) of the
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model present only the direction of the effect of the predic-
tor variables on the dependent variable. The marginal effects
of the odds ratio [exp(8)] also represent the probability of a
change in the odds of being in one of the outcome categories
when the value of a predictor increases by one unit. In gen-
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eral, the estimated coefficients should be compared with the
base category of non-participants in tree planting as a land
management practice.

The regression results (Table 4) show that local land users’
willingness to grow trees was a function of a wide range
of factors. The direction of most of the predictor variables
used in this model had signs that agreed with our prior ex-
pectations. Although land management decisions were con-
strained by several determinants, their magnitude of influ-
ence varies spatially elsewhere to operate successful resource
conservation interventions (Shiferaw and Holden, 1998; Her-
weg and Ludi, 1999; Gebremedhin and Swinton, 2003;
Ewnetu and Bliss, 2010; Assefa and Hans-Rudolf, 2014).
However, as shown in Table 4, the likelihood of household
size (FAMSIZE), productive labour force availability (LAB-
FORCE), disparity of schooling age (EDUC), perception of
the deforestation process (PERCDEFOQ) and the current land
tenure system (LATENURE) had positive and significant in-
fluences on tree-planting investment decisions.

3.2.1 Family size (FAMSIZE)

Results in Table 4 show that household size was one of
the demographic variables affecting tree-planting decisions.
Large rural family size is on the whole linked with a higher
human-labour resource, which would enable a household
to realize a range of agricultural activities as well as land-
resource conservation and management practices.

The result presented in Table 3 confirmed that nearly
37.2% of the respondents had at least five household mem-
bers. The remaining had more than five members. This study
clearly confirmed that household size was positively and sig-
nificantly (at 5 % level of significance) correlated with the re-
alization of farm-level tree growing in the forms of afforesta-
tion, reforestation and agroforestry systems. The model out-
put revealed that the likelihood of tree planting increases with
family size. The marginal effects of the odds ratio show that
increasing the size of the household by one unit increases
the probability of participation in tree growing by nearly 0.6
times (95 % CI = 0.49, 2.64), other predictor variables being
constant in the model. Although the calculated odds ratio is
quoted as 0.6, we can be 95 % confident that the actual value
of the odds ratio in the population lay somewhere between
0.49 and 2.64.

This result was in keeping with the findings of previous
studies. Studies such as Amsalu and De Graaff (2007) and
Alamirew (2011) reported that family size had a positive
and significant influence in adopting land management tech-
nology, whereas a negative and significant relationship be-
tween family size and land-resource management technology
adoption was reported by Shiferaw and Holden (1998) and
Tadesse and Belay (2004). The same authors commented that
households with a larger family size, together with a high de-
pendency ratio, were likely to face food shortages in periods
of famine and starvation, so that these households may be
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forced to sidetrack a fraction of the labour force to off-farm
activities to tackle recurring food shortages. As a result, they
would be less motivated to invest in land management, where
the benefits could only be obtained in the long run.

3.2.2 Productive labour force availability
(LABFORCE)

The households with a large productive labour force had
good opportunities for the adoption as well as application of
different types of land-resource management and agricultural
technologies. In this study, the effect of productive labour
force availability for tree planting to recover degraded land-
scapes was assessed. The model correlation result was pos-
itive and it indicated that households with adequate produc-
tive labour were more significantly willing to be involved in
tree growing as a degraded-land management strategy. The
marginal effects of the odds ratio in the disclosed logistic
regression model showed that for every extra number of pro-
ductive labour force, the odds of the household head’s par-
ticipation in tree growing would be increased by a factor of
0.58 (95% CI = 0.34, 0.89), with all other factors remaining
equal in the model.

Similar studies carried out in other areas also confirmed
that there was a positive and significant relationship be-
tween labour availability and land management technology
adoption (Pender and Kerr, 1998; Gebremedhin and Swin-
ton, 2003), though these authors used soil conservation tech-
nology adoption as a dependent variable. However, Tenge
et al. (2004) claimed no significant difference in household
labour size between adopters and non-adopters of soil and
water conservation measures. This is because implementing
soil and water conservation measures depends on (i) deci-
sions about labour allocation, (ii) adopters hiring additional
labour to implement soil and water conservation measures
from the labour-sharing groups and (iii) adopters also re-
ceiving and using remittances from their relatives outside the
catchment to hire additional labour.

3.2.3 Literacy status (EDUCU)

The study exposed that literate farmers were more involved
in tree growing than their counterparts. As can be seen from
Table 4, the educational status of the household head sig-
nificantly increased the probability of planting trees to re-
habilitate the degraded environment. The regression coeffi-
cient of the three schooling age categories was also posi-
tively correlated with tree-planting decisions for the purpose
of degraded-land recovery, indicating the existence of a posi-
tive relationship between literacy status and land users’ tree-
planting investment choice. It was indicated that respondents
who had schooling levels of only read and write, grade 1 to
8 and grade 9 and above were respectively 15.45, 15.41 and
2.41 times more likely to participate in tree-growing invest-
ments than their illiterate counterparts.
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Table 4. Logistic regression results for predicting whether trees are planted by land users using 13 predictors as independent variables.

95% CI for EXP(B)

647

B (SE) Exp(g) Lower | Upper
Intercept —1.338 (1.842) 0.998
GENDER (1 =male) —0.002 (0.725) 0.993 0.241 4131
AGE —0.007 (0.031) 1612 0.935 1.755
FAMSIZE 0.478 (0.251)** 0.579  0.486 2.636
LOBFORCE 0.546 (0.273)** 15452  0.339 19.990
EDUC (1 =only read and write) 2.738(1.078)*** 15415  1.867 17.869
EDUC (2 =from grade 1 to 8) 2.735 (0.953)*** 2.144  2.081 9.807
EDUC (3 =grade 9 and above) 0.763 (0.902)*** 0430 0.366 12.553
FAREXPERIAN (1 => 30years) —0.844 (0.697) 1.069 0.110 1.686
LAHOSIZE 0.066 (0.323) 2191  0.567 2.214
PERCDEFO (1 =yes) 0.785 (0.487)* 3.066  0.858 5.600
LATENURE (1 = has an effect) 1.120 (0.498)** 0.944 1.101 8.540
TRAININ (1 = Yes) —0.057 (0.514)  0.914  0.345 2.588
LIVESTOC —0.090 (0.073) 0.503 0.392 1.055
AGROECOLO (1=Weynadega)  —0.688 (0.776)  0.862  0.110 2.300
ACCESROAD (1 =yes) —0.149 (0.777) 0.262  0.188 3.955
Observation 121
Model x2 37.29 (15)%**
—2 Log likelihood 123.43
Cox and Snell R2 0.273

NB: g is regression coefficients, SE is standard error, *, ** and *** are levels of significance (probability value) at 10,

5 and 1 % respectively and EXP (B) is the odds ratio.

The findings of the present study also agreed with previ-
ous studies conducted in different regions which had a pos-
itive and significant effect of education status as a predictor
variable to adopt land management technologies (Pender and
Kerr, 1998; Tenge et al., 2004). However, adoption of various
forms of soil and water conservation and management tech-
nologies were considered as outcome variables. On the other
hand, Alamirew (2011) highlighted a contradictory argument
by explaining that if land users had a better educational sta-
tus, she or he may found better opportunities outside the farm
sector, reducing labour availability for agricultural and farm
management practices.

3.2.4 Perception of deforestation as an environmental
problem (PERCDEFO)

Local land users’ perceptions of deforestation as an environ-
mental predicament together with its negative environmental
and socioeconomic impact had influences to plant trees reg-
ularly. This study confirmed that land users’ perception and
awareness regarding the problem of deforestation had a ma-
jor and affirmative implication on the likelihoods of partic-
ipating in tree growing. The likelihood of tree growing was
2.19 times (95% CIl =0.86, 5.6) higher among land users
who perceived the magnitude of deforestation compared with
those who did not perceive the same way (Table 4). The result
correlated well with previous studies conducted elsewhere by
Pender and Kerr (1998), Shiferaw and Holden (1998) and
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Tenge et al. (2004); however, these authors considered the
farmers’ perception of environmental degradation as predic-
tor variable and adoption of physical soil conservation mea-
sures as a dependent variable.

3.2.5 Public ownership of land

Although empirical studies have shown mixed results, it was
widely believed that land tenure insecurity leads to inefficient
resource use, allocation and management. In this study, an
attempt was made to capture the impact of the current land
tenure system on the adoption of tree-growing investments
in the Modjo watershed. In general, tree growing as a land
management measure was a long-term investment with long
payback periods so that land users in the study site might
seek land tenure security in order to plant trees and keep
them in their own farmlands. Findings in Table 4 assert that
the current public ownership of land significantly discour-
ages farmers’ participation in tree-growing activities in the
study area. Studies from elsewhere have also shown that land
tenure insecurity was a barrier for the adoption of land man-
agement technologies and that tenure security encouraged
soil-conservation investments (Shiferaw and Holden, 1998;
Gebremedhin and Swinton, 2003; Tenge et al., 2004; Be-
wket, 2007; Alamirew, 2011). Mekonnen and Damte (2011)
and Mekonnen et al. (2012) also found that land certification,
as a partial indicator of land tenure security, had increased the
likelihood of households growing trees in Ethiopia, however,
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it was not a significant determinant of the number of trees
grown.

A number of variables considered in the model including
age, sex, land holding size, farming experience, participation
in training, livestock ownership status, access to the road and
agroecology were found to have non-significant relationship
with adoption of tree-growing land management strategy. For
example, a positive relationship between landholding size
on one hand and the dependent variable of tree-growing de-
cisions on the other hand was expected for the study site,
though it was not statistically significant. Contrary to this,
the relationship between predictor variables (such as the age
and gender of the household heads, farming experiences, par-
ticipation in short-term training, livestock-ownership status,
access to roads and agroecology) with the dependent vari-
able (tree-growing decision) was negative and not significant.
Most importantly, variables such as age, gender and partici-
pation in short-term training had an unexpected sign in the
model and they were non-significant. Thus, further investi-
gation should be needed to examine these cases and to come
across conclusive arguments.

4 Concluding remarks

This paper examined major determinants of smallholder
farmers’ tree-planting decisions as a land-management strat-
egy in the Modjo watershed, Ethiopia. The results of the
study revealed that the challenges for sustaining the current
land-resource management options mainly tree-planting in-
vestment decisions were enormous in the study watershed.
In this connection, local land users’ tree-planting invest-
ment achievement was highly compromised by various de-
terminants. Among others, the likelihood of household size,
productive labour force availability, the disparity of school-
ing age, perception of the process of deforestation and the
current land tenure system have significantly affected the
practice of tree-growing investments. As a result, mean-
ingful results were not achieved in line with tree-planting
land-management practices to combat land degradation or
degraded-land rehabilitation. Thus, the findings of this study
would contribute a lot by providing inputs for stockholders
and decision makers to (i) ameliorate determinants of tree-
planting investment decisions as well as prioritize, rehabili-
tate and protect degraded sites; (ii) liberalize land-use policy
in order to secure stable land-use rights and legal enforce-
ment of land ownership, which would be essential for mate-
rializing tree-planting investment decisions in the study wa-
tershed and (iii) raise awareness about the negative impacts
of land-resource degradation processes in the Modjo water-
shed.
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